Abstract-In a recent paper we introduced a modification of the adaptive beamformer orthogonal rejection test (ABORT) for adaptive detection of signals in unknown noise, by supposing under the null hypothesis the presence of signals orthogonal to the nominal steering vector in the whitened observation space. We will refer to this new receiver as the whitened adaptive beamformer orthogonal rejection test (W-ABORT). Through Monte Carlo simulations this new detector was shown to provide better rejection capabilities of mismatched (e.g., sidelobe) signals than existing ones, like ABORT or the adaptive coherence estimator (ACE), but at the price of a certain loss in terms of detection of matched (i.e., mainlobe) signals. The aim of this paper is to provide a theoretical validation of this fact. We consider both the case of distributed targets and point-like targets. We provide a statistical characterization of the W-ABORT test statistic, under the null hypothesis, and for matched and mismatched signals under the alternative hypothesis. For distributed targets, the probability of false alarm and the probability of detection can only be expressed in terms of multi-dimensional integrals, and are thus very complicated to obtain; in contrast, for point-like targets, such probabilities can be easily calculated by numerical integration techniques. The theoretical expressions derived herein corroborate the simulation results obtained previously.
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I. PROBLEM STATEMENT
In an adaptive detection problem one is usually confronted with a tradeoff between detection of matched signals and rejection of unwanted, mismatched signals [1] , [2] . Ideally, one would indeed desire a high sensitivity to mainlobe targets and good rejection of sidelobe targets. In order to solve this dilemma, the ABORT detector was introduced in [3] . The idea of ABORT is to modify the null hypothesis H0, which usually states that the vector under test contains noise only, so that it possibly contains a vector which, in some way, is orthogonal to the assumed target's signature v v v. 
II. PERFORMANCE ANALYSIS

A. Background
The W-ABORT detector originates from the following binary hypothesis test is the well-known decision statistic of Kelly's detector (GLRT) [7] , [8] . In the sequel, we derive the distribution of the test statistic t WA under the noise-only hypothesis (referred to as H 0 0 )-i.e., z z z k = n n n k , k 2 P -and under the hypothesis H 0 1 that a signal is present with signature p p p, viz. z z z k = k p p p + n n n k , k 2 P . First, we will examine the case of a mismatched signal p p p 6 = v v v, then we will derive the formulas related to the case of perfectly matched signal-p p p = v v v-as a straightforward consequence of the previous one. For a range-spread target, i.e., KP > 1, obtaining P fa and P d requires to evaluate probability integrals involving matrix differentials, which is a formidable task. Therefore, we assess the performance of the above receiver for the simpler case of a point-like target, i.e., KP = 1. The analysis to be presented proceeds along the same lines as in [7] and [9] and we refer the reader to these references for some details that may be omitted.
As a first step, we apply linear transformations in order to rewrite t WA in a canonical and suitable form. First, it is straightforward to show that tWA can be recast as the first equation shown at the bottom of the page, where the last equality follows from identity [7] det (I I  I Following the lead of [7] , we now decompose all vectors into two components
; where x x xA 2 C 12K and X X XB 2 C (N01)2K ; S S S 1 = S 1 S S S 1 S S S1 S S S1 ; and S S S 01 (3) is the basis for the analysis to be presented. Moreover, we will rely heavily on the results given by Kelly in [7] and [9] to obtain the distribution of tWA. with, in turn, 0(1) being the Gamma function [12] . As to B, it is the set of the positive semidefinite matrices with eigenvalues varying in the interval (4), and is the threshold set in order to achieve the desired P f a . However, the above expression for P f a is difficult to evaluate as it stands since it involves matrix differentials. . . . p b (N)d2 . . . dN (6) where p b (1) is the pdf of the rv b j . Note that (5) is a multidimensional integral that, despite the fact that it can be evaluated with modern integration software, is still difficult to calculate. Therefore, we now turn Since the last (N 0 1) 2 K P components of the mean of X X X are not equal to zero, the random matrix B B B obeys to the complex noncentral multivariate beta distribution with parameters K P , K S 0N +1+K P , and N 0 1, whose pdf is given by [13, p. 523] 
III. NUMERICAL ILLUSTRATIONS
In this section we assess the analytical performance of the W-ABORT for the case of point-like target (K P = 1). We compare the selectivity of the W-ABORT with that of the GLRT, the AMF, the ABORT, and the adaptive coherence estimator (ACE), proposed in [14] and [15] . The probability of false alarm is set to 10 06 ; the theoretical P d 's and the thresholds to obtain the preassigned P fa have been evaluated resorting to standard Wolfram Mathematica routines.
In Fig. 1 we plot the theoretical P d , as given by (7) In Figs. 2 and 3 , we plot theoretical P d versus cos 2 for the W-ABORT, the ABORT, the GLRT, the AMF, and the ACE. Fig. 2 assumes N = 5 and KS = 10, while Fig. 3 refers to N = 20 and 
KS = 40.
In particular, we use the expressions derived in [3] , [4] , and [10] for the ABORT, the AMF, and the ACE, respectively. The curves reported in Fig. 2 show that when the number of sensors N is small the ACE and the W-ABORT are the most selective detectors. On the other hand, if N is sufficiently high the above hierarchy changes as shown in Fig. 3 ; in this case, the W-ABORT is definitely superior to the other detectors in terms of rejection capabilities of mismatched signals.
IV. CONCLUSION
In this paper we provided a theoretical analysis of the recently introduced W-ABORT detector, for both matched and mismatched signals, at least in the case of point-like targets. For distributed targets, we provided a statistical characterization of the W-ABORT test statistic. The analysis corroborates the previously obtained empirical results and confirms that the W-ABORT has excellent mismatched signals rejection capabilities. This suggests the use of W-ABORT as the second stage of a two-stage detector [10] , [16] , where the first stage detector has good mainlobe sensitivity but poor sidelobe rejection capabilities.
